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8) D Claim(s) are subject to restriction and/or election requirement. 
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Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 
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* See the attached detailed Office action for a list of the certified copies not received. 
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DETAILED ACTION 
Continued Examination Under 37 CFR 1.114 

A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.114, and the fee set 
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on July 22, 
2005 has been entered. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 22-35, 58, and 60-62 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Chiang et al. (U.S. Patent No. 5,739,579) in view of Moslehi et al. 
(U.S. Patent No. 6,016,000). 

In re claim 22, Chiang et al. disclose the method of forming a copper interconnect 
structure providing electrical connection for a semiconductor device (see column 5, lines 
25-31, and column 12, line 64 through column 13, line 5), comprising the steps of; 

forming a first contact opening into a first insulating layer (350) formed over a 
semiconductor substrate (320); 
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forming a conductive plug in the first contact opening (360, 361 ), wherein the 
conductive plug is in contact with said first insulating layer; 

forming a second insulating layer (391 ) over the conductive plug and said first 
insulating layer; 

forming a second contact opening in the second insulating layer (391); 

forming a barrier layer (393) in the second contact opening; 

forming a copper conductor (394) over the barrier layer; and 

forming a top etch stop/heat radiating layer (392) wherein said heat-radiating 
layer is formed completely on an upper surface portion (see column 21 , lines 4-16) of 
said copper conductor (394), said top heat-radiating layer passifying said upper surface 
portion of said copper conductor (see specifically column 15, lines 16-25, and column 
20, lines 24-33, the method explained in detail with reference to the lower interconnect 
layer, the details given in column 12, line 53, through column 20, line 24). 

Chiang et al. does not disclose the method of forming the etching stop/heat- 
radiating passivation layer of aluminum nitride. Moslehi discloses the method of forming 
an etch stop/heat radiating passivation layer of aluminum nitride (see column 13, lines 
32-38, and lines 55-60). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the etch stop layer of aluminum nitride, since as Moslehi 
teaches AIN is an alternative choice to that of the silicon nitride etch stop layer formed in 
Chiang et al. Further, Moslehi teaches AIN has the advantage of high thermal 
conductivity (see column 12, lines 32-50, and column 14, lines 16-60). The examiner 
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notes that the combined Chiang et al. and Moslehi teach that the silicon nitride or 
aluminum nitride is used as an etch stop layer, the heat-radiating effect of silicon nitride 
and aluminum nitride is an intrinsic material property (see Moslehi column 12, lines 32- 
50, and column 14, lines 48-60), and thus the aluminum nitride layer of Moslehi as 
incorporated into Chiang et al. would have acted as both a etch stop layer and a heat 
radiating layer. 

In re claim 23, Chiang et al. also disclose the method of chemical mechanical 
polishing (CMPing) the copper layer and the barrier layer (see column 20, lines 1-3). 

In re claim 24, Chiang et al. does not disclose the method of cleaning the upper 
surface portion of the copper conductor prior to the formation of the aluminum nitride 
layer. Moslehi discloses the method of cleaning the upper surface portion of the copper 
conductor prior to the formation of the aluminum nitride layer (see column 12, lines 32- 
35). It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to clean the upper surface portion of the copper conductor prior to 
the formation of the aluminum nitride layer in order to remove contaminants from the 
surface. 

In re claim 25, the combined Chiang et al. and Moslehi disclose the method 
wherein the etch stop/heat radiating layer of aluminum nitride is formed to a thickness of 
approximately 300 angstroms (see Chiang et al. column 15, lines 15-25) 

In re claim 26 and 27, Moslehi discloses the method of forming the aluminum 
nitride layer by sputtering deposition (see column 13, lines 15-17, and column 14, lines 
45-46 for Moslehi definition of PVD). 



Application/Control Number: 09/982,953 Page 5 

Art Unit: 2812 

In re claim 28, Chiang discloses the method wherein the barrier layer is formed of 
a refractory metal compound being selected from the group consisting of refractory 
metal nitrides, refractory metal carbides, and refractory metal borides (see column 1 9, 
lines 4-10). 

In re claim 29, Chiang et al. disclose the method of forming an interconnect 
structure providing electrical connection for a semiconductor device (see column 5, lines 
25-31, and column 12, line 64 through column 13, line 5), comprising the steps of; 

forming a contact opening in an insulating layer (350) of said device; 

forming a first conductive plug (361 ) within said contact opening; and 

forming a etch stop/heat radiating layer (390) wherein said heat-radiating layer is 
formed completely on an upper surface portion (see column 20, lines 33-47) of said first 
conductive plug; and 

depositing a second conductive plug (393, 394) on said heat-radiating layer in 
contact with said first conductive plug (see specifically column 15, lines 16-25, and 
column 20, lines 24-33, the method explained in detail with reference to the lower 
interconnect layer, the details given in column 12, line 53, through column 20, line 24). 

Chiang et al. does not disclose the method of forming the etching stop/heat- 
radiating passivation layer of aluminum nitride. Moslehi discloses the method of forming 
an etch stop/heat radiating passivation layer of aluminum nitride (see column 13, lines 
32-38, and lines 55-60). 
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It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the etch stop layer of aluminum nitride, since as Moslehi 
teaches AIN is an alternative choice to that of the silicon nitride etch stop layer formed in 
Chiang et al. Further, Moslehi teaches AIN has the advantage of high thermal 
conductivity (see column 12, lines 32-50, and column 14, lines 16-60). The examiner 
notes that the combined Chiang et al. and Moslehi teach that the silicon nitride or 
aluminum nitride is used as an etch stop layer, the heat-radiating effect of silicon nitride 
and aluminum nitride is an intrinsic material property (see Moslehi column 12, lines 32- 
50, and column 14, lines 48-60), and thus the aluminum nitride layer of Moslehi as 
incorporated into Chiang et al. would have acted as both a etch stop layer and a heat 
radiating layer. 

In re claim 30, Chiang et al. also disclose the method of forming a barrier layer 
(360) in said contact opening and before said step of depositing said first conductive 
plug. 

In re claim 31 , Chiang et al. does not disclose the method of cleaning the upper 
surface portion of the copper conductor prior to the formation of the aluminum nitride 
layer. Moslehi discloses the method of cleaning the upper surface portion of the copper 
conductor prior to the formation of the aluminum nitride layer (see column 12, lines 32- 
35). It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to clean the upper surface portion of the copper conductor prior to 
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the formation of the aluminum nitride layer in order to remove contaminants from the 
surface. 

In re claim 32, the combined Chiang et al. and Moslehi disclose the method 
wherein the aluminum nitride is formed to a thickness of approximately 300 angstroms 
(see Chiang et al. column 15, lines 15-25) 

In re claim 33 and 34, Moslehi discloses the method of forming the aluminum 
nitride layer by sputtering deposition (see column 13, lines 15-17, and column 14, lines 
45-46 for Moslehi definition of PVD). 

In re claim 35, Chiang discloses the method wherein said first conductive plug is 
selected form the group consisting of aluminum, gold, silver, tungsten and copper (see 
column 19, lines 4-20). 

In re claim 58, Chiang et al. disclose the method of forming a copper interconnect 
structure providing electrical connection for a semiconductor device (see column 5, lines 
25-31, and column 12, line 64 through column 13, line 5), comprising the steps of; 

forming a first contact opening into a first insulating layer (322) formed over a 
semiconductor substrate (320); 

forming a first conductive plug in the first contact opening (342); 

forming a second insulating layer (350) over the conductive plug and said first 
insulating layer; 

forming a second contact opening in the second insulating layer; 
forming a barrier layer (360) in the second contact opening; 
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forming a second conductive plug (361) over the barrier layer; and 
forming a etch stop/heat radiating layer (390) across an entire upper surface ) 
wherein said heat-radiating layer is formed completely on an upper surface portion (see 
column 21, lines 4-16) of said second conductive plug (see specifically column 15, lines 
16-25, and column 20, lines 24-33, the method explained in detail with reference to the 
lower interconnect layer, the details given in column 12, line 53, through column 20, line 
24). 

Chiang et al. does not disclose the method of forming the etching stop/heat- 
radiating passivation layer of aluminum nitride. Moslehi discloses the method of forming 
an etch stop/heat radiating passivation layer of aluminum nitride (see column 13, lines 
32-38, and lines 55-60). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the etch stop layer of aluminum nitride, since as Moslehi 
teaches AIN is an alternative choice to that of the silicon nitride etch stop layer formed in 
Chiang et al. Further, Moslehi teaches AIN has the advantage of high thermal 
conductivity (see column 12, lines 32-50, and column 14, lines 16-60). The examiner 
notes that the combined Chiang et al. and Moslehi teach that the silicon nitride or 
aluminum nitride is used as an etch stop layer, the heat-radiating effect of silicon nitride 
and aluminum nitride is an intrinsic material property (see Moslehi column 12, lines 32- 
50, and column 14, lines 48-60), and thus the aluminum nitride layer of Moslehi as 
incorporated into Chiang et al. would have acted as both a etch stop layer and a heat 
radiating layer. 
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In re claims 60-62, the combined Chiang et al. and Moslehi disclose the method 
wherein the etch stop/heat radiating layer of aluminum nitride is formed from 
approximately 100 angstroms to approximately 1000 angstroms thick (see Chiang et al. 
column 15, lines 15-25). 



Response to Arguments 

Applicant's arguments filed July 22, 2005 have been fully considered but they are 
not persuasive. 

The Applicant argues that Chiang et al. does not disclose the method of forming 
a tip heat-radiating layer formed completely on an upper surface portion of a copper 
conductor or first conductive plug. The examiner disagrees and notes that Chiang et al. 
discloses forming a top etch stop/heat radiating layer (392) wherein said heat-radiating 
layer is formed completely on an upper surface portion (see column 21 , lines 4-16) of 
said copper conductor (394). Specifically, Chiang et al. teaches the etch stop layer of 
silicon nitride that acts as a heat-radiating layer is "formed over dielectric layer 391 and 
the via plug in the dielectric layer 391, including conductive layer 394 and barrier layer 
393." 

Similarly, with respect to the rejection of claim 29, Chiang et al. teaches forming 
a etch stop/heat radiating layer (390) wherein said heat-radiating layer is formed 



Application/Control Number: 09/982,953 Page 10 

Art Unit: 2812 

completely on an upper surface portion (see column 20, lines 33-47) of said first 
conductive plug; and 

The examiner notes that Applicant's present claims do not preclude etching of 
the etch stop/heat radiation layer after deposition. 

The examiner notes that Chiang et al. is relied upon to show the method of 
forming the interconnect layers with etch stop/heat radiating silicon nitride layers and 
Moslehi is relied upon to show that silicon nitride and aluminum nitride are 
interchangeable in the art of interconnects as etch stop/heat radiating layers. The 
examiner notes that the motivation for combining has been clearly set forth in the 
rejections above and is as follows: 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the etch stop layer of aluminum nitride, since as Moslehi 
teaches AIN is an alternative choice to that of the silicon nitride etch stop layer formed in 
Chiang et al. Further, Moslehi teaches AIN has the advantage of high thermal 
conductivity (see column 12, lines 32-50, and column 14, lines 16-60). The examiner 
notes that the combined Chiang et al. and Moslehi teach that the silicon nitride or 
aluminum nitride is used as an etch stop layer, the heat-radiating effect of silicon nitride 
and aluminum nitride is an intrinsic material property (see Moslehi column 12, lines 32- 
50, and column 14, lines 48-60), and thus the aluminum nitride layer of Moslehi as 
incorporated into Chiang et al. would have acted as both a etch stop layer and a heat 
radiating layer. 
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Applicant argues that Moslehi discloses using AIN as a passivation layer and not 
as an etch stop. The examiner disagrees and notes that Moslehi does disclose that AIN 
can be used as an etch stop (see column 12, lines 44-50). 

Applicant also argues that the second conductive plug is not formed on heat- 
radiating layer. The examiner notes that the only claim that requires that the conductive 
plug to be on the heat-radiating layer is Claim 29. The examiner notes that layers 393 
and 394 are relied upon to show the second conductive plug formed on the heat 
radiating layer (390) and in electrical contact with the first conductive plug. 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Tehrani et al. (U.S. Patent No. 5,861,328), Rosenblum et al. 
(U.S. Patent No. 5,567,523) and Kim et al. (U.S. Patent No. 5,270,263) disclose the 
use of AIN as an etch stop layer. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jennifer M. Kennedy whose telephone number is (571 ) 
272-1672. The examiner can normally be reached on Mon.-Fri. 9:30-6:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Michael S. Lebentritt can be reached on (571) 272-1873. The fax phone 
number for the organization where this application or proceeding is assigned is 703- 
872-9306. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-21 7-91 97 (toll-free). 
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Primary Examiner 
Art Unit 2812 
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